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PIXEL UNIT, ARRAY SUBSTRATE, DISPLAY
PANEL, DISPLAY APPARATUS, AND
DETECTION METHOD OF PIXEL CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 USC

3’71 of International Patent Application No. PCT/CN2020/
109008, filed on Aug. 13, 2020, which claims prionty to
Chinese Patent Application No. 201910748921.9, filed on
Aug. 14, 2019, which are incorporated herein by reference
in their entirety.

TECHNICAL FIELD

The present disclosure relates to the field of display
technologies, and 1n particular, to a pixel unit, an array
substrate, a display panel, a display apparatus, and a detec-
tion method of a pixel circuit.

BACKGROUND

An organic light-emitting diode (OLED) display panel
has characteristics of wide viewing angle, high contrast, fast
response speed, etc. Compared with an inorganic light-
emitting display device, an organic light-emitting diode
included in the OLED display panel has a higher luminous
brightness and a lower driving voltage. Due to the above
characteristics, the orgamic light-emitting diode (OLED)
display panel may be applied to apparatuses with display
functions such as mobile phones, displays, notebook com-
puters, digital cameras, and 1nstruments.

SUMMARY

In an aspect, a pixel unit 1s provided. The pixel umt
includes a pixel circuit, a light-emitting element, a first
sensing line and a second sensing line. The pixel circuit 1s
clectrically connected to the light-emitting element. The
pixel circuit includes a driving sub-circuit configured to
drive the light-emitting element electrically connected to the
pixel circuit to emit light. The driving sub-circuit has a
control terminal, a first terminal and a second terminal. The
first terminal of the driving sub-circuit is configured to be
clectrically connected to a first power supply terminal, so as
to receive a lirst power voltage provided by the first power
supply terminal. The first terminal of the driving sub-circuit
1s Turther electrically connected to the first sensing line. The
second terminal of the driving sub-circuit 1s electrically
connected to the light-emitting element. The control termi-
nal of the driving sub-circuit 1s electrically connected to the
second sensing line. The first sensing line 1s configured to
sense a voltage of the first terminal of the driving sub-circuit.
The second sensing line 1s configured to sense a voltage of
the control terminal of the driving sub-circuit.

In some embodiments, the driving sub-circuit includes a
first transistor. A control terminal of the first transistor 1s the
control terminal of the driving sub-circuit, a first terminal of
the first transistor 1s the first terminal of the driving sub-
circuit, and a second terminal of the first transistor i1s the
second terminal of the driving sub-circuit.

In some embodiments, the pixel circuit further includes a
compensation connection sub-circuit, a first storage sub-
circuit and a sensing connection sub-circuit. The compen-
sation connection sub-circuit 1s electrically connected to the
control terminal and the second terminal of the driving

10

15

20

25

30

35

40

45

50

55

60

65

2

sub-circuit. The compensation connection sub-circuit 1s con-
figured to receive a first sensing control signal, and electri-
cally connect the second terminal of the driving sub-circuit
and the control terminal of the driving sub-circuit. The first
storage sub-circuit 1s electrically connected to the control
terminal and the first terminal of the driving sub-circuit. The
first storage sub-circuit 1s configured to store a signal written
into the control terminal of the driving sub-circuit. The
sensing connection sub-circuit 1s electrically connected to
the control terminal of the driving sub-circuit. The sensing,
connection sub-circuit 1s further electrically connected to the
second sensing line. The sensing connection sub-circuit 1s
configured to receive a second sensing control signal, and
clectrically connect the control terminal of the driving
sub-circuit to the second sensing line.

In some embodiments, the compensation connection sub-
circuit includes a second transistor. A control terminal of the
second transistor 1s configured to receive the first sensing
control signal, a first terminal of the second transistor is
clectrically connected to the control terminal of the driving
sub-circuit, and a second terminal of the second transistor 1s
clectrically connected to the second terminal of the driving
sub-circuit. The first storage sub-circuit includes a first
storage capacitor. A first terminal of the first storage capaci-
tor 1s electrically connected to the control terminal of the
driving sub-circuit, and a second terminal of the first storage
capacitor 1s electrically connected to the first terminal of the
driving sub-circuit. The sensing connection sub-circuit
includes a third transistor. A control terminal of the third
transistor 1s configured to receive the second sensing control
signal, a first terminal of the third transistor 1s electrically
connected to the control terminal of the driving sub-circuit,
and a second terminal of the third transistor 1s electrically
connected to the second sensing line.

In some embodiments, the control terminal of the second
transistor 1s configured to be electrically connected to a first
sensing control line, the control terminal of the third tran-
sistor 1s configured to be electrically connected to a second
sensing control line, and the first sensing control line and the
second sensing control line are a same control line. Or the
control terminal of the second transistor 1s configured to be
clectrically connected to a first sensing control line, the
control terminal of the third transistor 1s configured to be
clectrically connected to a second sensing control line, and
the first sensing control line and the second sensing control
line are different control lines; and the second sensing line
1s also used as a data line.

In some embodiments, the pixel circuit further includes a
reset sub-circuit. The reset sub-circuit 1s electrically con-
nected to the second sensing line. The reset sub-circuit 1s
configured to receive a reset control signal and a reset signal,
so as to perform a reset operation on the control terminal of
the driving sub-circuait.

In some embodiments, the reset sub-circuit includes a
fourth transistor. A control terminal of the fourth transistor
1s configured to receive the reset control signal, a first
terminal of the fourth transistor 1s configured to receive the
reset signal, and a second terminal of the fourth transistor 1s
clectrically connected to the second sensing line.

In some embodiments, the pixel circuit further includes a
data writing sub-circuit. The data writing sub-circuit 1is
clectrically connected to the control terminal of the driving
sub-circuit. The pixel unit further includes a data line, and
the data writing sub-circuit 1s further electrically connected
to the data line. Or, the second sensing line 1s also used as
a data line, and the data writing sub-circuit 1s further
clectrically connected to the second sensing line. The data
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writing sub-circuit 1s configured to receive a scan control
signal, and write a data signal into the control terminal of the
driving sub-circuit.

In some embodiments, the data wrting sub-circuit
includes a fifth transistor. A control terminal of the fifth
transistor 1s configured to receive the scan control signal, a
first terminal of the fifth transistor 1s electrically connected
to the second sensing line or the data line, and a second
terminal of the fifth transistor 1s electrically connected to the
control terminal of the driving sub-circuit.

In some embodiments, the second terminal of the driving,
sub-circuit 1s electrically connected to a first terminal of the
light-emitting element. The pixel circuit further includes a
voltage selection sub-circuit. The voltage selection sub-
circuit 1s configured to selectively electrically connect a
second terminal of the light-emitting element to one of the
first power supply terminal and a second power supply
terminal. The second power supply terminal 1s configured to
provide a second power supply voltage, and the second
power supply voltage 1s less than the first power supply
voltage.

The voltage selection sub-circuit includes a first power
supply voltage supply sub-circuit and a second power supply
voltage supply sub-circuit. The first power supply voltage
supply sub-circuit 1s electrically connected to the first power
supply terminal and the second terminal of the light-emitting
clement. The first power supply voltage supply sub-circuit 1s
configured to receive a third sensing control signal, and
clectrically connect the second terminal of the light-emitting
clement to the first power supply terminal. The second
power supply voltage supply sub-circuit 1s electrically con-
nected the second power supply terminal and the second
terminal of the light-emitting element. The second power
supply voltage supply sub-circuit 1s configured to receive a
light-emitting control signal, and electrically connect the
second terminal of the light-emitting element to the second
power supply terminal.

In some embodiments, the first power supply voltage

supply sub-circuit includes a sixth transistor. A control
terminal of the sixth transistor i1s configured to receive the
third sensing control signal, a first terminal of the sixth
transistor 1s configured to be electrically connected to the
first power supply terminal, and a second terminal of the
sixth transistor 1s configured to be electrically connected to
the second terminal of the light-emitting element. The
second power supply voltage supply sub-circuit includes a
seventh transistor. A control terminal of the seventh transis-
tor 1s configured to receive the light-emitting control signal,
a first terminal of the seventh transistor 1s configured to be
clectrically connected to the second power supply terminal,
and a second terminal of the seventh transistor 1s configured
to be electrically connected to the second terminal of the
light-emitting element.
In some embodiments, the second terminal of the driving
sub-circuit 1s electrically connected to a first terminal of the
light-emitting element. A second terminal of the light-
emitting element 1s electrically connected to a variable
power supply terminal, and the vanable power supply ter-
minal 1s configured to provide the first power supply voltage
and a second power supply voltage. The second power
supply voltage 1s less than the first power supply voltage.

In some embodiments, the driving sub-circuit includes a
first transistor. A control terminal of the first transistor 1s the
control terminal of the driving sub-circuit, a first terminal of
the first transistor 1s the first terminal of the driving sub-
circuit, and a second terminal of the first transistor 1s the
second terminal of the driving sub-circuit. The pixel circuit
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turther includes a first storage capacitor, a second transistor,
a third transistor, a fourth transistor, a fifth transistor, a sixth
transistor and a seventh transistor.

The control terminal of the first transistor 1s electrically
connected to a first node, the first terminal of the first
transistor 1s configured to be electrically connected to the
first power supply terminal, and the second terminal of the
first transistor 1s electrically connected to a second node. A
first terminal of the first storage capacitor 1s electrically
connected to the first node, and a second terminal of the first
storage capacitor 1s electrically connected to the first termi-
nal of the first transistor. A control terminal of the second
transistor 1s configured to receive a {first sensing control
signal, a first terminal of the second transistor 1s electrically
connected to the first node, and a second terminal of the
second transistor 1s electrically connected to the second
node.

A control terminal of the third transistor 1s configured to
receive a second sensing control signal, a first terminal of the
third transistor 1s electrically connected to the first node, and
a second terminal of the third tramsistor 1s electrically
connected to the second sensing line. The control terminal of
the second transistor 1s configured to be electrically con-
nected to a first sensing control line, the control terminal of
the third transistor 1s configured to be electrically connected
to a second sensing control line, and the {irst sensing control
line and the second sensing control line are a same control
line. Or the control terminal of the second transistor is
configured to be electrically connected to a first sensing
control line, the control terminal of the third transistor 1s
configured to be electrically connected to a second sensing
control line, and the first sensing control line and the second
sensing control line are different control lines; and the
second sensing line 1s also used as a data line.

A control terminal of the fourth transistor 1s configured to
receive a reset control signal, a first terminal of the fourth
transistor 1s configured to receive a reset signal, and a second
terminal of the fourth transistor 1s electrically connected to
the second sensing line. A control terminal of the fifth
transistor 1s configured to receive a scan control signal, a
second terminal of the fifth transistor 1s electrically con-
nected to the first node, and a first terminal of the fifth
transistor 1s connected to the second sensing line, and the
second sensing line 1s also used as the data line. Or, the pixel
unit further includes a data line, and the first terminal of the
fifth transistor 1s electrically connected to the data line.

A control terminal of the sixth transistor 1s configured to
receive a third sensing control signal, a first terminal of the
sixth transistor 1s configured to be electrically connected to
the first power supply terminal, and a second terminal of the
sixth transistor 1s configured to be electrically connected to
a second terminal of the light-emitting element. A control
terminal of the seventh transistor 1s configured to receive a
light-emitting control signal, a first terminal of the seventh
transistor 1s configured to be electrically connected to a
second power supply terminal, and a second terminal of the
seventh transistor 1s configured to be electrically connected
to the second terminal of the light-emitting element.

In another aspect, an array substrate 1s provided. The array
substrate includes a plurality of pixel units arranged in an
array. The plurality of pixel units are pixel units as described
in any one of the above.

In some embodiments, at least two of the plurality of pixel
units share a same first sensing line.

In some embodiments, the array substrate further includes
at least one first power bus. The power bus 1s configured to
be electrically connected to the first power supply terminal,
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and 1s electrically connected to the plurality of pixel unaits,
so as to provide the first power supply voltage to the

plurality of pixel units. The first sensing line 1s electrically
connected to the first power bus.

In some embodiments, first sensing lines 1n the plurality
of pixel units are independent of each other.

In yet another aspect, a display panel 1s provided. The
display panel includes the array substrate as described 1n any
one of the above.

In yet another aspect, a display apparatus 1s provided. The
display apparatus includes the display panel as described
above and a detection circuit. The detection circuit includes
at least one first signal terminal and a plurality of second
signal terminals. The at least one first signal terminal 1s
clectrically connected to the first sensing line, and each of
the plurality of second signal terminals 1s electrically con-
nected to one second sensing line. The detection circuit 1s
configured to receive voltages detected by the first sensing
line and the second sensing line, and to obtain a threshold
voltage of a driving transistor 1n the pixel circuit electrically
connected to the first sensing line and the second sensing
line according to the received voltages.

In yet another aspect, a detection method of a pixel circuit
1s provided. The pixel circuit 1s the pixel circuit 1n the pixel
unit as described above, and the pixel circuit includes a
driving sub-circuit including a driving transistor. The detec-
tion method 1ncludes: detecting a voltage of a first terminal
of the driving transistor through the first sensing line, and
detecting a voltage of a control terminal of the driving
transistor through the second sensing line. The first terminal
of the driving transistor 1s configured to be electrically
connected to the first power supply terminal, so as to receive
the first power supply voltage provided by the first power
supply terminal. The voltage of the first terminal of the
driving transistor and the voltage of the control terminal of
the driving transistor are configured to obtain a threshold
voltage of the driving transistor in the pixel circuit. The
threshold voltage 1s equal to a difference value between the
voltage of the control terminal of the driving transistor and
the voltage of the first terminal of the driving transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe techmical solutions in the present
disclosure more clearly, accompanying drawings to be used
in some embodiments of the present disclosure will be
introduced brietly below. Obviously, the accompanying
drawings to be described are merely accompanying draw-
ings of some embodiments of the present disclosure, and a
person of ordinary skill 1in the art may obtain other drawings
according to these drawings. In addition, the accompanying
drawings to be described may be regarded as schematic
diagrams, and are not limitations on an actual size of a
product, an actual process of a method and an actual timing,
of a signal to which the embodiments of the present disclo-
sure relate.

FIG. 1 1s a schematic diagram of a pixel circuit;

FIG. 2 1s a structural diagram of a pixel circuit, in
accordance with some embodiments of the present disclo-
SUre;

FIG. 3 1s a structural diagram of another pixel circuit, in
accordance with some embodiments of the present disclo-
Sure;

FIG. 4 1s a ttming diagram of driving the pixel circuit
shown 1n FIG. 3;

FIG. 5A 15 a signal flow diagram of the pixel circuit shown
in FIG. 3 1n a reset phase;
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FIG. 5B 1s a signal flow diagram of the pixel circuit shown
in FIG. 3 1n a charging phase and a sampling phase;

FIG. 5C 1s a signal flow diagram of the pixel circuit shown
in FIG. 3 1n a light-emitting phase;

FIG. 6 1s a structural diagram of yet another pixel circuit,
in accordance with some embodiments of the present dis-
closure;

FIG. 7 1s a structural diagram of yet another pixel circuit,
in accordance with some embodiments of the present dis-
closure;

FIG. 8 1s a structural diagram of yet another pixel circuit,
in accordance with some embodiments of the present dis-
closure;

FIG. 9 1s a block diagram exemplarily showing an array
substrate, a display panel and a display apparatus, in accor-
dance with some embodiments of the present disclosure;

FIG. 10 1s a structural diagram of an array substrate, a
display panel and a display apparatus, in accordance with
some embodiments of the present disclosure;

FIG. 11 1s another structural diagram of an array substrate,
a display panel and a display apparatus, 1n accordance with
some embodiments of the present disclosure;

FIG. 12 1s yet another structural diagram of an array
substrate, a display panel and a display apparatus, 1n accor-
dance with some embodiments of the present disclosure;

FIG. 13 1s yet another structural diagram of an array
substrate, a display panel and a display apparatus, in accor-
dance with some embodiments of the present disclosure;

FIG. 14 1s yet another structural diagram of an array
substrate, a display panel and a display apparatus, in accor-
dance with some embodiments of the present disclosure; and

FIG. 15 1s yet another structural diagram of an array
substrate, a display panel and a display apparatus, in accor-
dance with some embodiments of the present disclosure.

DETAILED DESCRIPTION

Technical solutions 1n some embodiments of the present
disclosure will be described clearly and completely with
reference to the accompanying drawings below. Obviously,
the described embodiments are merely some but not all
embodiments of the present disclosure. All other embodi-
ments obtained by a person of ordinary skill in the art based
on the embodiments of the present disclosure shall be
included in the protection scope of the present disclosure.

Unless the context requires otherwise, the term “com-
prise” and other forms thereof such as the third-person
singular form “comprises” and the present participle form
“comprising”’ throughout the description and the claims are
construed as an open and inclusive meaning, 1.¢., “including,
but not limited to”. In the description of the specification, the
terms such as “one embodiment”, “some embodiments”,
“exemplary embodiments”, “an example”, “specific
example” or “some examples” are intended to indicate that
specific features, structures, materials or characteristics
related to the embodiment(s) or example(s) are included in
at least one embodiment or example of the present disclo-
sure. Schematic representations of the above terms do not
necessarily refer to the same embodiment(s) or example(s).
In addition, the specific features, structures, materials or
characteristics may be included 1n any one or more embodi-
ments or examples in any suitable manner.

In the description of the embodiments of the present
disclosure, the term “a plurality of/the plurality of” means
two or more unless otherwise specified.

The use of “applicable to” or *“configured to” herein
means an open and inclusive language, which does not
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exclude devices that are applicable to or configured to
perform additional tasks or steps.

In addition, the use of “based on” 1s meant to be open and
inclusive, in that a process, step, calculation or other action
that 1s “based on” one or more of the stated conditions or
values may, in practice, be based on additional conditions or
values exceeding those stated.

Unless otherwise defined, technical and scientific terms
used herein should have meanings that are commonly under-
stood by one of ordinary skill 1n the art to which the present
disclosure belongs. Words such as “first”, “second”, or the
like, used 1n the present disclosure are not intended to mean
any order, quantity or importance, but are merely used to
distinguish different components. Similarly, a word such as
“include” or “comprise” means that an element or an object
appearing before the word covers element(s) or object(s)
listed after the word and equivalents thereotf without exclud-
ing other elements or objects. A word such as “connect”,
“couple” 1s not limited to a physical or mechanical connec-
tion, but may include an electrical connection, whether
direct or indirect. “Upper”, “lower”, “left”, “night”, etc., are
only used to indicate a relative positional relationship, and
when the absolute position of the described object 1s
changed, the relative positional relationship may also be
changed accordingly.

At present, Consumers’ requirements for the size and
resolution of a display device are increasing, and thus
requirements for production processes are also increasing.
However, 1n a production and manufacturing process of the
display device at present, the display device may show
moire (also referred to as Mura) during display due to
influences of factors such as production process and manu-
facturing technology. The moire 1s, for example, a phenom-
enon of brightness non-uniformity caused by display devia-
tions (e.g., brightness deviations) of pixel units 1n the display
device. In a case where the moire 1s present in the display
device, the picture quality of the display device will be
accordingly reduced, thereby reducing usage experiences of
users.

It 1s noted that the brightness non-uniformity 1s a major
problem currently faced by the organic light-emitting diode
(OLED) display panel. In order to solve the technical
problem about the brightness non-uniformity of the OLED
display panel, in addition to the improvement ol manufac-
turing process, researchers further propose an internal com-
pensation technique and an external compensation tech-
nique.

It 1s noted that, 1n a case of the display deviations, 1f only
the internal compensation technique 1s used, the eflect of
improving brightness uniformity i1s limited. In this case, the
compensation effect of the OLED display panel may be
improved by, for example, the external compensation tech-
nique. The following exemplary description 1s made in
combination with a medium- and small-sized OLED display
panel (e.g., a display panel for a mobile terminal).

For example, low temperature poly-silicon thin film tran-
sistors (LTPS TFT) are usually used 1in the medium- and
small-sized OLED display panel, in that the mobility of the
LTPS TFT 1s large, and an area occupied by the transistor 1s
small, which 1s suitable for manufacturing a display panel
with a high PPI (i.e., the number of pixels per inch). For
OLED pixel circuits used in the medium- and small-sized
OLED display panel, due to a limitation of a crystallization
process for forming polysilicon active layers of thin film
transistors (1FT), the LIPS TFTs at different positions may
have non-uniformity 1n electrical parameters such as thresh-
old voltage and mobility. This non-uniformity may be con-
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verted into current differences and brightness differences
among the pixel units 1n the OLED display panel, and 1s
sensed by human eyes (1.e., the moire phenomenon).

At present, the internal compensation technique or the
external compensation technique may be used to deal with
the brightness non-uniformity and a residual image problem
of the OLED display panel. The internal compensation
technique refers to a compensation method using a compen-
sation sub-circuit constructed with TFTs 1 a pixel. The
external compensation techmique refers to a method of
sensing electrical or optical characteristics of a pixel through
an external driving circuit or an external device, and then
compensating for a data signal to be displayed. In a case
where the display panel 1s a quarter high definition (QHD,
2560x1440 and above) display panel, since a circuit struc-
ture of the OLED display panel 1s complex and the manu-
facturing process 1s diflicult, 1t 1s sometimes diflicult to
completely eliminate the moire phenomenon of a display
screen 1f the display panel 1s only internally compensated.
Therefore, 1n order to improve a yield and/or a display
quality of the display panel and suppress the moire phenom-
enon, the external compensation technique may be used (for
example, the external compensation technique 1s used on a
basis of an internal compensation) to further improve the
yield and/or the display quality of the display panel.

The external compensation technique 1s a technique used
for ehmmatmg or suppressmg the moire of the display
device and improving the brightness unlformlty of the
display screen. As an example, FIG. 1 1s a schematic
diagram of a pixel circuit to which the extemal compensa-
tion technique may be applied.

It will be noted that, for convenience of description, FIG.
1 further shows a detection circuit. For example, the pixel
circuit shown 1n FIG. 1 may be implemented as a 4T1C pixel
circuit. That 1s, a core circuit of the pixel circuit shown 1n
FIG. 1 1s of four transistors and a capacitor.

As shown 1n FIG. 1, the pixel circuit 500 includes a first
transistor T1, a storage capacitor C1, a second transistor T2,
a third transistor T3, a fourth transistor T4, a fifth transistor
15, a sixth transistor T6, and a seventh transistor T7.

As shown in FIG. 1, the first transistor T1 1s configured to
be a driving transistor, and 1s configured to be able to drive
a light-emitting element EL electrically connected to the
pixel circuit 500 to emit light. A first terminal of the first
transistor 11 1s connected to a first power supply terminal
VDD, so as to receive a lirst power supply voltage provided
from the first power supply terminal VDD. A second termi-
nal of the first transistor T1 1s configured to be electrically
connected to the light-emitting element EL, so as to supply
a driving current to the light-emitting element EL.

As shown 1n FIG. 1, the seventh transistor T7 1s config-
ured to be able to electrically connect the light-emitting
clement EL and a second power supply terminal VSS, the
second power supply terminal VSS 1s configured to provide
a second power supply voltage, and the second power supply
voltage 1s less than the first power supply voltage. For
example, the first power supply terminal VDD and the
second power supply terminal VSS may be a part of a power
supply of a display apparatus including the pixel circuit 500.

It 1s noted that, a threshold voltage of the first transistor
T1 may be obtained (e.g., estimated) through a following
threshold detection method. The first power supply voltage
provided from the first power supply terminal VDD i1s used
for charging a control terminal of the driving transistor (the
first transistor T1). When the charging 1s completed or the
charging 1s nearly completed, the detection circuit 20 1s used
for obtaining a voltage of the control terminal of the first
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transistor T1. Then, a difference value between the voltage
of the control terminal of the first transistor T1 obtained by
the detection circuit and a theoretical value or a design value
(for example, the theoretical value or the design value 1s a
constant value) of the first power supply voltage output from
the first power supply terminal VDD i1s used as the threshold
voltage of the first transistor T1.

However, 1t 1s noted that, an actual value of the first power
supply voltage output from the first power supply terminal
VDD fluctuates (that 1s, the actual value of the first power
supply voltage output from the first power supply terminal
VDD and the theoretical value or the design value of the first
power supply voltage output from the first power supply
terminal VDD have a dillerence therebetween, and the
difference varies with time). Moreover, a value of a voltage
received by the first terminal of the first transistor T1 and the
actual value of the first power supply voltage output from the
first power supply terminal VDD have a difference therebe-
tween, which affects an accuracy of the threshold detection
method.

Based on this, at least one embodiment of the present
disclosure provides a pixel unit, an array substrate, a display
panel, a display apparatus, a detection method of a pixel
circuit, and a driving method of a display apparatus.

The pixel unit 1n some embodiments of the present
disclosure 1includes a pixel circuit, a first sensing line and a
second sensing line. The pixel circuit 1s electrically con-
nected to a light-emitting element. The pixel circuit includes
a driving sub-circuit, and the driving sub-circuit 1s config-
ured to be able to drive the light-emitting element electri-
cally connected to the pixel circuit to emait light. The driving
sub-circuit has a control terminal, a first terminal and a
second terminal. The first terminal of the driving sub-circuit
1s configured to be electrically connected to a first power
supply terminal, so as to receive a first power supply voltage
provided from the first power supply terminal. The first
terminal of the driving sub-circuit 1s further configured to be
clectrically connected to the first sensing line. The second
terminal of the driving sub-circuit 1s configured to be
clectrically connected to the light-emitting element. The
control terminal of the driving sub-circuit 1s configured to be
clectrically connected to the second sensing line. The first
sensing line 1s configured to sense a voltage of the first
terminal of the driving sub-circuit. The second sensing line
1s configured to sense a voltage of the control terminal of the
driving sub-circuit. The detection method of the pixel cir-
cuit, the array substrate, the display panel, the display
apparatus, and the dniving method of the display apparatus
may 1mprove an accuracy of a threshold detection result of
the pixel circuit and display eflects of the display panel and
the display apparatus.

The pixel unit, the array substrate, the display panel, the
display apparatus, the detection method of the pixel circuit
and the driving method of the display apparatus in the
embodiments of the present disclosure will be non-limitedly
described below through several examples and embodi-
ments. As described below, diflerent features 1n these spe-
cific examples and embodiments may be combined with
cach other without conflicting with each other, so as to
obtain new examples and embodiments, and these new
examples and embodiments are also included in the protec-
tion scope of the present disclosure.

FI1G. 2 15 a schematic block diagram of a pixel unit 210 in
at least one embodiment of the present disclosure. As shown
in FIG. 2, the pixel umt 210 includes a pixel circuit 100, a
first sensing line SENL1 and a second sensing line SENL2.
The pixel circuit 100 1s electrically connected to a light-
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emitting element 130. The pixel circuit 100 includes a
driving sub-circuit 111, and the driving sub-circuit 111 1is
configured to be able to drive the light-emitting element 130
clectrically connected to the pixel circuit 100 to emait light.
The driving sub-circuit 111 has a control terminal, a first
terminal and a second terminal. The first terminal of the
driving sub-circuit 111 1s configured to be electrically con-
nected to a first power supply terminal VDD, so as to receive
a lirst power supply voltage provided from the first power
supply terminal VDD. The first terminal of the driving
sub-circuit 111 1s further configured to be electrically con-
nected (for example, directly electrically connected or 1ndi-
rectly electrically connected) to the first sensing line
SENL1. The second terminal of the driving sub-circuit 111
1s configured to be electrically connected (for example,
directly electrically connected or indirectly electrically con-
nected) to the light-emitting element 130. The control ter-
minal of the driving circuit 111 1s configured to be electri-
cally connected to the second sensing line SENL?2.

The first sensing line SENL1 1s configured to sense a
voltage of the first terminal of the driving sub-circuit 111.
The second sensing line SENL2 1s configured to sense a
voltage of the control terminal of the driving sub-circuit 111.
For example, by providing the first sensing line SENL1 and
the second sensing line SENL?2, the accuracy of the thresh-
old voltage detection of the dniving transistor may be
improved. An exemplary description 1s made below 1n
combination with FIGS. 2 and 3. FIG. 3 1s an example of the
pixel circuit 100 shown 1n FIG. 2.

It will be noted that, for convenience of description, FIGS.
2 and 3 further show a detection circuit 20. For example, the

detection circuit 20 includes a first signal terminal 241 (not
shown 1 FIGS. 2 and 3, see FIG. 10) and a second signal

terminal 242 (not shown in FIGS. 2 and 3, see FIG. 10). The
first signal terminal 241 i1s configured to be electrically
connected to the first sensing line SENL1, and the second
signal terminal 242 1s configured to be electrically connected
to the second sensing line SENL2.

For example, as shown in FIGS. 2 and 3, the driving
sub-circuit 111 includes a first transistor T1. A control
terminal of the first transistor T1 1s configured to be the
control terminal of the driving sub-circuit 111, a first termi-
nal of the first transistor T1 1s configured to be the first
terminal of the driving sub-circuit 111, and a second terminal
of the first transistor T1 1s configured to be the second
terminal of the driving sub-circuit 111. The control terminal
of the first transistor T1 1s configured to be electrically
connected to a first node N1, the first terminal of the first
transistor 11 1s configured to be electrically connected to the
first power supply terminal VDD, and the second terminal of
the first transistor T1 1s configured to be electrically con-
nected to a second node N2.

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a first storage sub-circuit 116,
and the first storage sub-circuit 116 1s configured to be
clectrically connected to the control terminal and the first
terminal of the driving sub-circuit 111. The first storage
sub-circuit 116 1s configured to store a signal written into the
control terminal of the driving sub-circuit 111.

For example, as shown 1 FIGS. 2 and 3, the first storage
sub-circuit 116 1ncludes a first storage capacitor C1. A first
terminal of the first storage capacitor C1 1s configured to be
clectrically connected to the control terminal of the driving
sub-circuit 111, and a second terminal of the first storage
capacitor C1 1s configured to be electrically connected to the
first terminal of the driving sub-circuit 111. For example, as
shown in FIG. 3, the first terminal of the first storage
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capacitor C1 1s configured to be connected to the first node
N1, and the second terminal of the first storage capacitor C1
1s configured to be connected to the first terminal of the first
transistor T1.

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a compensation connection
sub-circuit 112. The compensation connection sub-circuit
112 1s configured to receive a first sensing control signal, and
1s electrically connected to the control terminal and the
second terminal of the driving sub-circuit 111. The compen-
sation connection sub-circuit 112 1s configured to electri-
cally connect the second terminal of the driving sub-circuit
111 and the control terminal of the driving sub-circuit 111.

For example, as shown 1in FIGS. 2 and 3, the compensa-
tion connection sub-circuit 112 includes a second transistor
T2. A control terminal of the second transistor T2 1s con-
figured to receive the first sensing control signal, a first
terminal of the second transistor T2 1s configured to be
clectrically connected to the control terminal of the driving
sub-circuit 111, and a second terminal of the second tran-
sistor 12 1s configured to be electrically connected to the
second terminal of the driving sub-circuit 111. For example,
as shown 1n FIG. 3, the first terminal of the second transistor
12 1s configured to be electrically connected to the first node
N1, the second terminal of the second transistor T2 1s
configured to be electrically connected to the second node
N2, and the control terminal of the second transistor T2 1s
configured to be electrically connected to a first sensing
control line Snl, so as to receive the first sensing control
signal transmitted by the first sensing control line Snl. The
second transistor T2 electrically connects the control termi-
nal of the first transistor T1 and the second terminal of the
first transistor T1 in response to the first sensing control
signal.

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a sensing connection sub-circuit
113. The sensing connection sub-circuit 113 1s configured to
receive a second sensing control signal, and 1s electrically
connected to the control terminal of the driving sub-circuait.
The sensing connection sub-circuit 113 1s further electrically
connected to the second sensing line SENL2. The sensing
connection sub-circuit 113 1s configured to electrically con-
nect the control terminal of the driving sub-circuit 111 and
the second sensing line SENL2. The sensing connection
sub-circuit 113 has a first terminal, a second terminal and a
control terminal. The control terminal of the sensing con-
nection sub-circuit 113 1s configured to receive the second
sensing control signal, the first terminal of the sensing
connection sub-circuit 113 1s connected to the control ter-
minal of the driving sub-circuit 111, and the second terminal
of the sensing connection sub-circuit 113 1s connected to the
second sensing line SENL2.

For example, as shown i FIGS. 2 and 3, the sensing
connection sub-circuit 113 includes a third transistor T3. A
control terminal of the third transistor T3 1s configured to
receive the second sensing control signal, a first terminal of
the third transistor T3 1s electrically connected to the control
terminal of the driving sub-circuit, and a second terminal of
the third transistor 13 1s electrically connected to the second
sensing line SENL2. For example, as shown 1n FIG. 3, the
first terminal of the third transistor T3 1s configured to be
connected to the first node N1, the second terminal of the
third transistor T3 1s configured to be connected to the
second sensing line SENL?2, and the control terminal of the
third transistor T3 1s configured to be connected to a second
sensing control line Sn2, so as to recerve the second sensing
control signal provided from the second sensing control line
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Sn2. The third transistor T3 electrically connects the control
terminal of the first transistor 11 and the second sensing line
SENL?2 1n response to the second sensing control signal. In
this case, the detection circuit 20 may obtain the voltage of
the control terminal of the first transistor T1 through the
second sensing line SENL2 and the third transistor T3 that
1s turned-on.

In some examples, as shown 1 FIG. 3, the first sensing
control signal and the second sensing control signal are a
same signal. That 1s, the first sensing control line Snl and the
second sensing control line Sn2 are a same control line,
which may be represented as Sn, and the second transistor
12 and the third transistor T3 receive a same sensing control
signal. In some other examples, as shown 1n FIG. 7, the first
sensing control signal and the second sensing control signal
are different signals. That 1s, the first sensing control line
Snl and the second sensing control line Sn2 are different
control lines. In this case, the second sensing line SENL?2 1s
also used as a data line, and a structure of the pixel circuit
shown 1 FIG. 7 will be described later.

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a data writing sub-circuit 115.
The data writing sub-circuit 115 1s configured to receive a
scan control signal, and is electrically connected to the
control terminal of the driving sub-circuit 111. The data
writing sub-circuit 115 1s configured to write a data signal
into the control terminal of the driving sub-circuit 111.

In some examples, as shown 1n FIGS. 2 and 3, the second
sensing line SENL2 1s also used as the data line, and the data
writing sub-circuit 115 1s further electrically connected to
the second sensing line SENL2 to receive the data signal
provided from the second sensing line SENL2, so that the
data signal 1s written into the control terminal of the driving
sub-circuit 111. In some other examples, as shown in FIG.
6, the pixel unit 210 further includes a data line DL. The data
writing sub-circuit 115 1s further electrically connected to
the data line DL to recerve a data signal provided from the
data line DL, so that the data signal 1s written into the control
terminal of the driving sub-circuit 111. A structure of the
pixel circuit shown 1 FIG. 6 will be described later.

For example, as shown 1n FIGS. 2 and 3, the data writing,
sub-circuit 115 1includes a fifth transistor TS. A control
terminal of the fifth transistor T3 1s configured to receive the
scan control signal, a first terminal of the fifth transistor T5
1s configured to be electrically connected to the second
sensing line SENL2, and a second terminal of the fifth
transistor 15 1s electrically connected to the control terminal
of the driving sub-circuit 111. The {first terminal of the fifth
transistor 15 1s configured to be electrically connected to the
second sensing line SENL2, and the second terminal of the
fifth transistor 15 1s configured to be connected to the first
node N1, so as to receive the data signal provided from the
second sensing line SENL2. The control terminal of the fifth
transistor 15 1s configured to be connected to a scan control
line Gn, so as to receive a scan control signal provided from
the scan control line Gn. The {ifth transistor T5 1s configured
to write the data signal provided from the second sensing
line SENL2 1into the control terminal of the driving sub-
circuit 111 1n response to the scan control signal.

In FIG. 3, the second sensing line SENL2 1s also used as
the data line DL, and the detection circuit 20 1s also used as
a data driving circuit. That 1s, the detection circuit 20
functions to obtain voltages of the control terminal the first
terminal of the first transistor 11 in a time-sharing manner,
and to provide the data signal to the control terminal of the
first transistor T1. For example, a duration of an active level
(or a duration of an mactive level) of the scan control signal
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1s not equal to a duration of an active level (or a duration of
an 1nactive level) of the sensing control signal. Therefore,
compensation eflects and display eflects of a display panel
including the pixel circuit may be improved.

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a reset sub-circuit 114. The reset
sub-circuit 114 1s configured to receive a reset control signal
and a reset signal, and 1s electrically connected to the second
sensing line SENL2. The reset sub-circuit 114 1s configured
to receive the reset signal, so as to perform a reset operation
on the control terminal of the driving sub-circuit 111 through
the reset signal. In FIG. 2, the reset sub-circuit 114 has a first
terminal, a second terminal and a control terminal. The
second terminal of the reset sub-circuit 114 1s electrically
connected to the second sensing line SENL2, and the first
terminal of the reset sub-circuit 114 1s configured to receive
the reset signal.

For example, as shown in FIGS. 2 and 3, the reset
sub-circuit 114 includes a fourth transistor T4. A control
terminal of the fourth transistor T4 i1s configured to receive
the reset control signal, a first terminal of the fourth tran-
sistor T4 1s configured to receive the reset signal, and a
second terminal of the fourth transistor T4 1s configured to
be electrically connected to the second sensing line SENL2.
The first terminal of the fourth transistor T4 1s configured to
be electrically connected to a reset signal line Vini, so as to
receive the reset signal provided from the reset signal line
Vini. The control terminal of the fourth transistor T4 1s
configured to be connected to a reset control line RST, so as
to receive the reset control signal provided from the reset
control line RST, and to perform the reset operation on the
control terminal of the driving sub-circuit 111. In some
examples, 1n a case where the pixel umts are arranged 1n an
array, a reset control line RST corresponding to pixel circuits
in a row 1s a scan control line Gn corresponding to pixel
circuits 100 1n a previous row. The fourth transistor T4 is
configured to write the reset signal provided from the reset
signal line Vinmi into the control terminal of the driving
sub-circuit 111 through the second sensing line SENL2 1n
response to the reset control signal.

In some embodiments, as shown in FIG. 2, the second
terminal of the driving sub-circuit 111 1s electrically con-
nected to a first terminal of the light-emitting element 130,
and the pixel circuit 100 further includes a voltage selection
sub-circuit 117. The voltage selection sub-circuit 117 1s
configured to selectively connect a second terminal of the
light-emitting element 130 to one of the first power supply
terminal VDD and a second power supply terminal VSS.
The second power supply terminal VSS 1s configured to
provide a second power supply voltage, and the second
power supply voltage 1s less than the first power supply
voltage.

For example, as shown in FIG. 3, the voltage selection
sub-circuit 117 includes a first power supply voltage supply
sub-circuit 1171 and a second power supply voltage supply
sub-circuit 1172. The first power supply voltage supply
sub-circuit 1171 1s configured to receive a third sensing
control signal, and 1s electrically connected to the first power
supply terminal VDD and the second terminal of the light-
emitting element. The first power supply voltage supply
sub-circuit 1171 1s configured to electrically connect the
second terminal of the light-emitting element 130 to the first
power supply terminal VDD. The second power supply
voltage supply sub-circuit 1172 1s configured to receive a
light-emitting control signal, and 1s electrically connected to
the second power supply terminal VSS and the second
terminal of the light-emitting element. The second power
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supply voltage supply sub-circuit 1172 1s configured to
clectrically connect the second terminal of the light-emitting
clement 130 to the second power supply terminal VSS.

For example, as shown in FIGS. 2 and 3, the first power
supply voltage supply sub-circuit 1171 includes a sixth
transistor T6, and the second power supply voltage supply
sub-circuit includes a seventh transistor T7.

For example, as shown 1 FIGS. 2 and 3, a first terminal
of the sixth transistor T6 1s configured to be electrically
connected to the first power supply terminal VDD, a second
terminal of the sixth transistor T6 i1s configured to be
clectrically connected to the second terminal of the light-
emitting element 130, and a control terminal of the sixth
transistor T6 1s configured to receive the third sensing
control signal. The control terminal of the sixth transistor T6
1s configured to be connected to a third sensing control line
SEN, so as to receive a third sensing control signal provided
from the third sensing control line SEN. The sixth transistor
16 1s configured to electrically connect the second terminal
of the light-emitting element 130 to the first power terminal
VDD 1n response to the third sensing control signal.

For example, the third sensing control signal 1s an active
signal (e.g., Vgl) 1n a sensing phase, so that the sixth
transistor 16 1s turned on 1n the sensing phase. Therefore, the
second terminal of the light-emitting element 130 1s elec-
trically connected to the first power supply terminal VDD in
the sensing phase, which may prevent the light-emitting
clement 130 from emitting light in the sensing phase. In this
way, a contrast of a display apparatus using the pixel circuit
100 may be mmproved, and energy consumption may be
reduced.

For example, as shown 1 FIGS. 2 and 3, a first terminal
of the seventh transistor 17 1s configured to be electrically
connected to the second power supply terminal VSS, a
second terminal of the seventh transistor 17 1s configured to
be electrically connected to the second terminal of the
light-emitting element 130, and a control terminal of the
seventh transistor 17 1s configured to receive the light-
emitting control signal. The control terminal of the seventh
transistor 17 1s configured to be connected to a light-
emitting control line EM, so as to receive the light-emitting
control signal provided from the light-emitting control line
EM. The seventh transistor 17 1s configured to electrically
connect the second terminal of the light-emitting element
130 to the second power supply terminal VSS in response to
the light-emitting control signal.

For example, the light-emitting control signal 1s an inac-
tive signal (e.g., Vgh) i the sensing phase, so that the
seventh transistor T7 1s turned off 1n the sensing phase.
Theretore, the second terminal of the light-emitting element
130 1s not connected to the second power supply terminal
VSS 1n the sensing phase.

For example, 1n a light-emitting phase, the seventh tran-
sistor 17 electrically connects the second terminal of the
light-emitting element 130 to the second power supply
terminal VSS 1n response to the light-emitting control signal
(for example, the light-emitting control signal 1s an active
signal 1n the light-emitting phase). Therefore, the seventh
transistor 17 1s turned on 1n the light-emitting phase, and the
second terminal of the light-emitting element 130 1s elec-
trically connected to the second power supply terminal VSS
in the light-emitting phase. Thus, the light-emitting element
130 may emuit light 1n the light-emitting phase.

It will be noted that, 1n some examples, the pixel circuit
may not include the voltage selection sub-circuit 117. In this
case, the pixel circuit may adopt a light-emitting control
circuit, and the light-emitting control circuit 1s, for example,
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disposed between the driving transistor (1.e., the first tran-
sistor T1) and the first terminal of the light-emitting element,
which will not be repeated.

For example, the first transistor T1 to the seventh tran-
sistor 17 may all be P-type transistors (for example, positive
channel metal oxide semiconductor (PMOS) transistors, 1.€.,
metal oxide semiconductor (MOS) transistors (with an
n-type base, a p-channel) that transport current through the
flow of holes). In this case, the first transistor T1 to the
seventh transistor T7 are turned off when receiving a high
level (a first level), and are turned on when receiving a low
level (a second level, and the second level 1s less than the
first level). That 1s, the high level (the first level) 1s an
mactive level (1.e., a level that turns a transistor oil), and the
low level (the Second level) 1s an active level (1.e., a level
that turns a transistor on). It will be noted that, the first
transistor 11 to the seventh transistor 17 are not limited to
be implemented as the P-type transistors. According to
actual application needs, one or more of the first transistor
T1 to the seventh transistor T7 may also be implemented as
N-type transistor(s).

In some embodiments, as shown in FIG. 2, the pixel
circuit 100 further includes a second storage sub-circuit 118.
For example, as shown 1 FIGS. 2 and 3, the second storage
sub-circuit 118 includes a second storage capacitor C2. The
second storage capacitor C2 1s, for example, a parasitic
capacitor ol the second sensing line SENL2. That 1s, the
second storage capacitor C2 does not exist independently.

For example, as shown in FIGS. 2 and 3, the light-
emitting element 130 may be an organic light-emitting
clement EL. The organic light-emitting element EL. may be,
for example, an organic light-emitting diode (OLED), but
the embodiments of the present disclosure are not limited
thereto. For example, the light-emitting element 130 may
also be an inorganic light-emitting element.

For example, the pixel circuit 100 shown in FIG. 3 may
be implemented as a 4T1C pixel circuit. That 1s, the core
circuit of the pixel circuit 100 shown 1 FIG. 3 1s four
transistors (the first transistor 11, the second transistor T2,
the third transistor T3, and the fifth transistor TS5) and one
capacitor (the first storage capacitor C1). It will be noted
that, in some examples, the fourth transistor T4, the sixth
transistor 16, and the seventh transistor T7 may not be used
as a part of the pixel circuit 100, which will not be repeated.

Some embodiments of the present disclosure further pro-
vide a detection method of the pixel circuit 100. The
detection method of the pixel circuit 100 shown in FIG. 3
will be described below 1n combination with FIGS. 4, SA
and 5B.

FI1G. 4 1s a timing diagram of driving the pixel circuit 100
shown 1in FIG. 3. As shown 1n FIG. 4, a threshold detection
of the pixel circuit 100 includes a reset phase ST_RST, a
charging phase ST_CH and a sampling phase ST_SMPL. A
following description 1s made 1n an example where the
transistors included in the pixel circuit are all P-type tran-
sistors. In FIG. 4, a high level 1s an mactive level, and a low
level 1s an active level.

FIG. 5A 1s a signal flow diagram of the pixel circuit 100
shown 1n FIG. 3 1n the reset phase ST_RST. As shown 1n
FIG. 5A, 1n the reset phase ST_RST, the second transistor
12, the third transistor T3, the fourth transistor T4, and the
sixth transistor T6 all receive the active level, and both the
fifth transistor TS and the seventh transistor T7 receive the
inactive level. In this case, the second transistor T2, the third
transistor 13, the fourth transistor T4, and the sixth transistor
16 are turned on, and the fifth transistor T5 and the seventh
transistor 17 are turned off. The reset signal provided from
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the reset signal line Vini 1s written into the control terminal
of the first transistor T1 through the turned-on fourth tran-
sistor T4, the second sensing line SENL2 and the turned-on
third transistor T3. For example, the reset signal 1s a reset
voltage, and the reset voltage 1s, for example, equal to zero
volts.

FIG. 5B 1s a signal tlow diagram of the pixel circuit 100
shown in FIG. 3 i the charging phase ST _CH and the
sampling phase ST_SMPL. As shown in FIG. 5B, 1 the
charging phase ST_CH and the sampling phase ST_SMPL,
the second transistor 12, the third transistor T3 and the sixth
transistor 16 all receive the active level, and the fourth
transistor T4, the fifi

th transistor TS and the seventh transistor
17 all receive the 1nactive level. In this case, the second
transistor T2, the third transistor T3 and the sixth transistor
16 are turned on, and the fourth transistor T4, the fifth
transistor T5 and the seventh transistor T7 are turned ofl.

For example, 1n the charging phase ST _CH, the first
power supply terminal VDD charges the control terminal of
the first transistor T1 (the first storage capacitor C1), until
the voltage of the control terminal of the first transistor T1
1s equal to or close to V_SEN1+Vth. Here, V_SENI 1s a {irst
power supply voltage at a current moment, and

Vth 1s the threshold voltage of the first transistor T1.

For example, in the sampling phase ST_SMPL (1.e., a
duration during which the voltage of the control terminal of
the first transistor T1 1s equal to or close to V_SEN1+Vth),
the detection circuit 20 may obtain a voltage V_SENI (1.e.,
the first power supply voltage at the current moment) of the
first terminal of the first transistor 11 and the voltage
V_SEN2 of the control terminal of the first transistor T1 at
a specific moment (the sampling phase ST_SMPL) based on
a sampling signal SMPL. For example, the detection circuit
20 may synchronously obtain the voltage V_SENI1 of the
first terminal of the first transistor 11 and the voltage
V_SENZ2 of the control terminal of the first transistor T1 at
a same moment, and the voltage V_SEN1 of the first
terminal of the first transistor T1 and the voltage V_SEN2 of
the control terminal of the first transistor T1 are, for
example, analog signals.

For example, the detection circuit 20 may detect the
voltage V_SENI of the first terminal of the driving transistor
(1.e., the first transistor T1) through the first sensing line
S_JNLl and detect the voltage V_SEN2 of the control
termmal of the dniving transistor through the second sensing
line SENL2. As shown 1n FIG. 3, the first terminal of the
driving transistor (i.e., the first transistor T1) 1s configured to
be electrically connected to the first power supply terminal
VDD, so as to receive the first power supply voltage
provided from the first power supply terminal VDD. The
voltages of the first terminal and the control terminal of the
driving transistor are configured to obtain the threshold
voltage of the driving transistor in the pixel circuit.

Thus, the threshold voltage Vth of the driving transistor 1n
the pixel circuit 100 may be obtained based on the voltage
V_SEN1 of the first terminal of the driving transistor and the
voltage V_SEN2 of the control terminal of the drniving
transistor. The threshold voltage Vth 1s equal to a difference
value between the voltage V_SEN2 of the control terminal
of the driving transistor and the voltage V_SEN1 of the first
terminal of the driving transistor. That 1s, Vth=V_SEN2-
V_SENI1. For example, since a threshold voltage of a P-type
transistor 1s negative, 1n a case where the first transistor T1
1s a P-type transistor, in the sampling phase ST_SMPL, the
voltage V_SEN2 of the control terminal of the driving
transistor 1s less than the voltage V_SEN1 of the first
terminal.
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For example, a corrected data signal Vdat_correct may be
obtained by combining the threshold voltage Vth with a data
signal to be applied to the pixel circuit 100, and the pixel
circuit 100 may be driven based on the corrected data signal
in a light-emitting phase (e.g., a display phase of a display
panel 10 including the pixel circuit 100).

For example, a specific method of obtaining the corrected
data signal Vdat_correct by combining the threshold voltage
Vth with the data signal to be applied to the pixel circuit 100
may be set according to actual applications. In an example,
gamma corrections on the pixel umts in the display panel
may be performed first, and corrected data signals of the
pixel units 1 the display panel in a first frame may be
obtained. Then, corrected data signals of the pixel units 1n a
current frame are obtained based on the corrected data
signals of the pixel units (i.e., the data signals applied to the
pixel units) 1 the previous frame and a variation of the
threshold Voltage (or based on the corrected data signals of
the pixel units 1 the previous frame, the vanation of the
threshold voltage, and a variation of a data voltage to be
applied).

For example, in a case where a data voltage to be applied
to the pixel circuit 100 1n a current frame remains unchanged
compared to a data voltage to be applied to the pixel circuit
100 1n a previous frame, the corrected data signal (1.e., the
corrected data signal 1n the previous frame) 1s equal to a sum
of the data voltage Vdat_LF applied to the pixel circuit 100
in the previous frame and the varniation AVth_dat of the
threshold voltage. That 1s, Vdat_correct=Vdat_LF+
AVth_dat. Here, the variation AVth_dat of the threshold

voltage satisfies a following expression.

AVih_dat=Vih CF-Vih LF=(V_SEN2 CF-
V SEN1_CF)-(V_SEN2_LF-V SEN1 _LF).

Here, Vth_CF 1s the threshold voltage of the driving
transistor 1in the current frame, Vth LF 1s the threshold
voltage of the driving transistor in the previous Irame,
V_SEN2_CF 1s the voltage of the control terminal of the
driving transistor in the current frame, V_SEN1_CF 1s the
voltage of the first terminal of the driving transistor in the
current frame, V_SEN2_LF 1s the voltage of the control
terminal of the driving transistor in the previous frame, and
V_SENI1_LF 1s the voltage of the first terminal of the dniving
transistor in the previous frame.

For example, in a case where the data voltage to be
applied to the pixel circuit 100 in the current frame 1is
changed compared to the data voltage to be applied to the
pixel circuit 100 1n the previous frame, the corrected data
signal 1s equal to a sum of the data voltage Vdat_LF (1.e., the
corrected data signal in the previous frame) applied to the
pixel circuit 100 1n the previous frame, a variation AVdat of
the data voltage to be applied to the pixel circuit 100, and the
variation AVth_dat of the threshold wvoltage. That 1s,
Vdat_correct=Vdat_LF+AVdat+AVth_dat. Here, the varia-
tion AVdat of the data Voltage to be applied to the pixel
circuit 100 1s equal to a diflerence value between the data
voltage Vdat_CFI to be applied to the pixel circuit 100 1n the
current frame and the data voltage Vdat_LFI to be applied
to the pixel circuit 100 in the previous frame. That 1s,
AVdat=Vdat CFI-Vdat LFI. Theretore,
Vdat correct=Vdat LF+Vdat CFI-Vdat LF1+Vth CF-
Vth_LF.

In the pixel unit 210 1n some embodiments of the present
disclosure, by providing the first sensing line SENL1 and the
second sensing line SENL2, and synchronously obtaining
the voltage V_SENI1 of the first terminal of the first tran-
sistor T1 and the voltage V_SEN2 of the control terminal of
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the first transistor T1 by using the first sensing line SENL1
and the second sensing line SENL2, an adverse eflect of a
fluctuation of the first power supply voltage output from the
first power supply terminal VDD on the accuracy of the
threshold detection may be avoided. Thus, the accuracy of
the threshold voltage Vth of the first transistor T1 and the
corrected data signal may be improved, and the display
cllects of both the display panel and the display apparatus
including the pixel circuits may be improved.

FIG. 5C 1s a signal tlow diagram of the pixel circuit 100
shown 1n FIG. 3 1n the light-emitting phase. For example, as
shown 1n FIG. 5C, in the light-emitting phase, the second
transistor T2, the third transistor T3, the fourth transistor T4,
and the sixth transistor T6 all receive the 1nactive level, and
both the fifth transistor TS and the seventh transistor 17
recetrve the active level. In this case, the second transistor T2,
the third transistor T3, the fourth transistor T4, and the sixth
transistor 16 are turned off, and the fifth transistor T5 and the
seventh transistor T7 are turned on.

For example, as shown in FIG. 3C, 1n the light-emitting
phase, the detection circuit 20 writes the corrected data
signal ito the control terminal of the first transistor T1
through the turned-on fifth transistor T5. The turned-on
seventh transistor 17 connects the second terminal of the
light-emitting element 130 to the second power supply
terminal VSS. In this case, the light-emitting element 130
emits light based on the corrected data signal applied to the
control terminal of the first transistor T1.

It will be noted that, the specific structure of the pixel
circuit 100 1n the pixel unit 210 in some embodiments of the
present disclosure 1s not limited to the pixel circuit 100
shown 1n FIG. 3. According to actual application needs, the
pixel circuit 100 in some embodiments of the present
disclosure may also be implemented as the pixel circuit 100
shown 1n FIG. 6, the pixel circuit 100 shown 1n FIG. 7, the
pixel circuit 100 shown in FIG. 8, or other applicable pixel
circuits. A following description 1s made with reference to
FIGS. 6 to 8.

FIG. 6 1s another example of the pixel circuit 100 in some
embodiments of the present disclosure. The pixel circuit 100
shown 1n FIG. 6 1s similar to the pixel circuit 100 shown 1n
FIG. 3, and thus only the differences between the two are
described here, and the similarities will not be repeated.

As shown 1n FIGS. 3 and 6, the diflerences between the
pixel circuit 100 shown 1 FIG. 6 and the pixel circuit 100
shown 1n FIG. 3 include: (1) the first terminal of the fourth
transistor T4 1n the pixel circuit 100 shown in FIG. 6 being
connected to the second power supply terminal VSS, 1.e., the
second power supply voltage in the pixel circuit 100 shown
in FIG. 6 being used as the reset signal, so that the reset
signal line 1s not required to be provided in a display
apparatus including the pixel circuit 100 shown 1 FIG. 6;
(2) The first terminal of the fifth transistor T35 1n the pixel
circuit 100 shown 1n FIG. 6 being configured to be con-
nected to the data line DL. In this case, the data line DL and
the second sensing line SENL2 are different lines, and the
detection circuit 20 does not need to have a function of
providing the data signal.

FIG. 7 1s another example of the pixel circuit 100 in some
embodiments of the present disclosure. The pixel circuit 100
shown 1n FIG. 7 1s similar to the pixel circuit 100 shown 1n
FIG. 3, and thus only the difference between the two 1s
described here, and the similarities will not be repeated.

As shown 1n FIGS. 3 and 7, the difference between the
pixel circuit 100 shown 1 FIG. 7 and the pixel circuit 100
shown 1 FIG. 3 includes: the pixel circuit 100 shown 1n
FIG. 7 not including the data writing sub-circuit 115, 1.e., the
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pixel circuit 100 not including the fifth transistor T5, and the
first sensing control line Snl electrically connected to the
control terminal of the second transistor T2 in the pixel
circuit 100 shown 1n FIG. 7 and the second sensing control
line Sn2 electrically connected to the control terminal of the
third transistor T3 being diflerent control lines (i.e., Snl and
Sn2 being different). In this case, the function of the data
writing sub-circuit 115 1s implemented by the third transistor
T3. That 1s, the sensing connection sub-circuit 113 1s also
used as the data writing sub-circuit 115. In this case, the
second sensing line SENL2 1s also used as the data line DL,
so as to provide the data signal.

For example, by electrically connecting the control ter-
minal of the second transistor 12 and the control terminal of
the third transistor T3 to different sensing control lines (Snl
and Sn2), 1t may be ensured that the second transistor T2 (the
compensation connection sub-circuit 112) 1s turned off 1n the
light-emitting phase, so that the third transistor T3 (the
sensing connection sub-circuit 113) 1s turned on 1n the
light-emitting phase, so as to write the data signal provided
from the second sensing line SENL2 into the control termi-
nal of the driving sub-circuit 111. For example, the pixel
circuit 100 shown 1n FIG. 7 may be implemented as a 3T1C
pixel circuit 100. That 1s, the core circuit of the pixel circuit
100 shown 1n FIG. 7 1s of three transistors (the first transistor
11, the second transistor T2, and the third transistor T3) and
one capacitor (the first storage capacitor C1).

FIG. 8 1s yet another example of the pixel circuit 100 in
some embodiments of the present disclosure. The pixel
circuit 100 shown 1n FIG. 8 1s similar to the pixel circuit 100
shown 1n FIG. 3, and thus only the difference between the
two 1s described here, and the similarities will not be
repeated.

As shown 1in FIGS. 3 and 8, the difference between the
pixel circuit 100 shown 1 FIG. 8 and the pixel circuit 100
shown 1 FIG. 3 includes: the pixel circuit 100 shown 1n
FIG. 8 not including the voltage selection sub-circuit 117. In
this case, the second terminal of the driving sub-circuit 111
1s electrically connected to the first terminal of the light-
emitting element 130, and the second terminal of the light-
emitting e¢lement 130 1s electrically connected (or con-
nected) to a variable power supply terminal VDD_VSS. The
variable power supply terminal VDD_VSS 1s configured to
provide the first power supply voltage 1n the sensing phase,
and 1s configured to provide a second power supply voltage
in the light-emitting phase. The second power supply volt-
age 1s less than the first power supply voltage.

It will be noted that, the pixel circuit 100 shown in FIG.
3 may have any one or any combination of the above four
differences (1.e., the two differences 1n the pixel circuit 100
shown in FIG. 6, the difference in the pixel circuit 100
shown 1 FIG. 7, and the difference 1n the pixel circuit 100
shown 1n FIG. 8). For example, a pixel circuit including any
one or any combination of the above four differences may be
used as the pixel circuit 100 shown 1n FIG. 2.

At least one embodiment of the present disclosure further
provides an array substrate 101, a display panel 10, and a
display apparatus 01. FIG. 9 1s a block diagram exemplarily
showing the array substrate 101, the display panel 10 and the
display apparatus 01 1n the at least one embodiment of the
present disclosure. The array substrate 101 in the at least one
embodiment of the present disclosure includes any pixel unit
210 1n at least one embodiment of the present disclosure.
The display panel 10 in the at least one embodiment of the
present disclosure includes any array substrate 101 in at least
one embodiment of the present disclosure. The display
apparatus 01 1n the at least one embodiment of the present
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disclosure includes any display panel 10 in at least one
embodiment of the present disclosure.

As shown 1 FIGS. 10 to 14, the array substrate 101 1n
some embodiments of the present disclosure includes a
plurality of pixel units 210 arranged in an array. The array
substrate 101 includes a plurality of gate lines GL and a
plurality of data lines DL, and the gate line GL and the data
line DL cross each other. For example, the plurality of gate
lines GL extend 1n a row direction, the plurality of data lines
DL extend in a column direction, and the plurality of gate
lines GL and the plurality of data lines DL define the
plurality of pixel units 210 arranged in the array. Each of the
plurality of pixel units 210 includes any pixel circuit 100 1n
at least one embodiment of the present disclosure.

As shown 1n FIGS. 10 to 14, the array substrate 101 1n
some embodiments of the present disclosure further includes
at least one first sensing line SENL1 and a plurality of
second sensing lines SENL2. It will be noted that, in some
examples ol the present disclosure, the pixel umit 210
includes the first sensing line SENL1 and the second sensing
line SENL2, which means that the detection circuit 20
obtains the sensing signals of the pixel circuit 100 included
in the pixel unit 210 through the first sensing line SENL1
and the second sensing line SENL2, without limiting that the
first sensing line SENLI1 or the second sensing line SENL2
1s completely located 1n the pixel unit 210. For example, a
part of the first sensing line SENL1 or the second sensing
line SENL2 may be located 1n the pixel unit 210, or the
entire sensing line may also be located outside a correspond-
ing pixel unit 210.

In some examples, at least of the plurality of pixel units
210 1n the array substrate 101 may share a same first sensing
line SENLI1. That 1s, the pixel circuits 100 1n the at least two
pixel units 210 are electrically connected to the same first
sensing line SENLI1. In this case, the number of first sensing
lines SENL1 and an area occupied by the first sensing lines
SENL1 may be reduced, thereby ensuring or improving the
resolution of the display panel 10. An exemplary description
1s made with reference to FIGS. 10 to 15.

FIG. 10 1s an example of the array substrate 101, the
display panel 10, and the display apparatus 01 shown 1n FIG.
9. As shown 1n FIG. 10, the plurality of data lines DL are
also used as the plurality of second sensing lines SENL?2.
For example, pixel units 210 located 1n a same column share
a same second sensing line SENL?2.

For example, as shown in FIG. 10, all of the pixel units
210 1n the array substrate 101 share a same first sensing line
SENL1. For example, as shown i FIG. 10, the array
substrate 101 includes one first sensing line SENL1. The
first sensing line SENLI1 1s a common sensing line 231, and
all of the pixel units 210 share the first sensing line SENL1
(the common sensing line 231). That 1s, the pixel circuits
100 included 1n the pixel umts 210 are electrically connected
to the first sensing line SENL1. For example, the plurality of
pixel units 210 include first pixel units 211 and second pixel
umts 212, and the first pixel units 211 and the second pixel
units 212 share the same first sensing line SENL1.

In some embodiments, as shown in FIG. 10, the array
substrate 101 further includes at least one first power bus
220. The pixel circuits 100 (the first terminals of the first
transistors 11 1n the pixel circuits 100) 1 all of the pixel
units 210 in the array substrate 101 are connected to the at
least one first power bus 220.

As shown in FIG. 10, the array substrate 101 further
includes a plurality of first power lines 221 and a plurality
of second power lines 222. An extending direction of the
plurality of first power lines 221 1s the same as an extending
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direction of the plurality of data lines DL, and the plurality
of first power lines 221 are all electrically connected (for
example, directly electrically connected) to the first power
bus 220. An extending direction of the plurality of second
power lines 222 1s the same as an extending direction of the
plurality of gate lines GL, and the plurality of second power
lines 222 are electrically connected (for example, directly
connected) to the first power lines 221 that intersect with the
plurality of second power lines 222.

As shown 1n FIG. 10, the display apparatus 01 1n some
embodiments of the present disclosure further includes a
power supply 30 and a detection circuit 20. As shown in
FIG. 10, the power supply includes a first power supply
terminal VDD and a second power supply terminal VSS (not
shown in FIG. 10, see FIG. 12). The first power supply
terminal VDD provides a first power supply voltage, and the
second power supply terminal VSS provides a second power
supply voltage. The first power bus 220 1s configured to be
clectrically connected to the first power supply terminal
VDD. Thus, the first power bus 220 may provide the first
power voltage to the plurality of pixel units 210. For
example, the power supply 30 may be implemented as a
circuit board (e.g., a flexible circuit board).

In some examples, as shown i FIG. 10, the display
apparatus 01 further includes at least one power supply line
201. The power supply line(s) 201 are located between the
first power terminal VDD and the first power bus 220, and
extend from the first power supply terminal VDD to the first
power bus 220, so that the first power bus 220 1s electrically
connected to the first power supply terminal VDD. For
example, as shown i FIG. 10, the display apparatus 01
includes two power supply lines 201, and the two power
supply lines 201 are connected to two ends of the first power
bus 220, respectively. For example, the display apparatus 01
may further include the power supply lines 201 of other
suitable number, which will not be repeated here.

In some embodiments, as shown 1n FIG. 10, the detection
circuit 20 1ncludes at least one first signal terminal 241 and
a plurality of second signal terminals 242. The at least one
first signal terminal 241 1s configured to be electrically
connected to the at least one first sensing line SENL1, and
cach of the plurality of second signal terminals 242 is
configured to be electrically connected to one second sens-
ing line SENL?2.

For example, as shown 1n FIG. 10, the number of second
signal terminals 242 i1s equal to the number of second
sensing lines SENL2, and the plurality of data lines DL (1.e.,
the second sensing lines SENL2) 1n the display panel 10 are
connected to the plurality of second signal terminals 242 1n
the detection circuit 20. For example, the detection circuit 20
may be implemented as a chip (e.g., a semiconductor chip
and IC) or a field programmable gate array (FPGA) circuit.
For example, the detection circuit 20 further has a function
of providing the data signal.

As shown 1n FIG. 10, the common sensing line 231 (e.g.,
two ends of the common sensing line 231) 1s configured to
be electrically connected to the first power bus 220 and the
first signal terminal 241. For example, as shown in FIG. 10,
the common sensing line 231 1s located between the first
power bus 220 and the first signal terminal 241, and extends
from the first power bus 220 to the first signal terminal 241.
For example, as shown 1n FIG. 10, the number of the first
signal terminal(s) 241 1s equal to the number of the first
sensing line(s) SENL1 (1.e., the number of the common
sensing line(s) 231).

For example, the first power bus 220 includes a resistance
midpoint, and the common sensing line 231 1s connected to
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the resistance midpoint of the first power bus 220. For
example, the resistance midpoint of the first power bus 220
may be a physical midpoint of the first power bus 220.

It will be noted that, the array substrate 101, the display
panel 10 and the display apparatus 01 are not limited to
including one common sensing line 231. According to actual
application needs, the display apparatus 01 may also include
two common sensing lines 231, which will be exemplarily
described below with reference to FIGS. 11 and 12.

FIG. 11 1s a structural diagram of another example of the
array substrate 101, the display panel 10 and the display
apparatus 01 1n some embodiments of the present disclosure.
FIG. 12 1s a structural diagram of yet another example of the
array substrate 101, the display panel 10 and the display
apparatus 01 1n some embodiments of the present disclosure.
The array substrate 101, the display panel 10 and the display
apparatus 01 shown i FIGS. 11 and 12 are similar to the
array substrate 101, the display panel 10 and the display
apparatus 01 shown 1 FIG. 10. Only the diflerences
between the two are described here, and the similarities will
not be repeated.

In some embodiments, as shown in FIG. 11, all of the
pixel units 210 1n the array substrate 101 share two first
sensing lines SENL1. For example, as shown 1n FIG. 11, the
array substrate 101 includes two first sensing lines SENL1,
the two first sensing lines SENL1 are two common sensing
lines 231, and the two common sensing lines 231 are
connected to a first position 2311 and a second position 2312
of the first power bus 220, respectively. Some of the plurality
of pixel units 210 share one first sensing line SENL1, and
some of the plurality of pixel units 210 share another first
sensing line SENLI1.

For example, as shown 1n FIG. 11, the first position 2311
and the second position 2312 are proximate to the power
supply lines 201 (or the two ends of the first power bus 220),
respectively, and the first position 2311 and the second
position 2312 are located at a side of an outermost data line
DL 1n the plurality of data lines DL proximate to a corre-
sponding power supply line 201. For example, the first
position 2311 and the second position 2312 are a 15 resis-
tance point and a 454 resistance point between a first end and
a second end of the first power bus 220, respectively. For
another example, the first position 2311 and the second
position 2312 are a '3 resistance point and a 24 resistance
point between the first end and the second end of the first
power bus 220, respectively. For yet another example, the
first position 2311 and the second position 2312 are a 5
resistance point and a 7 resistance point between the first
end and the second end of the first power bus 220, respec-
tively.

In the array substrate 101, by providing the two common
sensing lines 231, a voltage value at the first position 2311
and a voltage value at the second position 2312 of the first
power bus 220 may be detected and obtained. In this case,
the voltage of the first terminal of the driving sub-circuit 111
in the pixel circuit 100 included 1n the pixel unit 210 1s equal
to an average value of the voltage value at the first position
2311 and the voltage value at the second position 2312. In
this way, the accuracy of the threshold detection of the pixel
circuit 100 may be improved by providing the two common
sensing lines 231.

For example, as shown in FIG. 11, the plurality of pixel
units 210 further include third pixel units 213 and fourth
pixel units 214. The first pixel units 211 and the second pixel
units 212 share one first sensing line SENL1 (e.g., the
common sensing line 231 on the left), and the third pixel
units 213 and the fourth pixel units 214 share another first
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sensing line SENL1 (e.g., the common sensing line 231 on
the right). The two common sensing lines 231 are respec-
tively connected to different positions (for example, respec-
tively connected to the first position and the second position)
of the first power bus 220. For example, the first pixel units
211, the second pixel units 212, the third pixel units 213 and

the fourth pixel units 214 are electrically connected to each
other through the first power bus 220.

It will be noted that, the array substrate 101, the display
panel 10 and the display apparatus 01 shown 1n FIG. 11 are
not limited to providing two common sensing lines 231.
According to actual application needs, the array substrate
101, the display panel 10 and the display apparatus 01
shown 1n FIG. 11 may also be provided with the common
sensing lines 231 of other suitable number.

In some embodiments, as shown 1n FIG. 12, the display
panel 10 includes an array area (AA) and a peripheral area,
and the array area includes the plurality of pixel units 210.

For example, as shown 1n FI1G. 12, the array substrate 101
may include two first power buses 220. The two first power
buses 220 are disposed on two sides of the first power lines
221, and are connected to two ends of the first power line
221, respectively.

For example, as shown 1n FIG. 12, the display apparatus
01 may further include two groups of gate driving circuits
250, and each group of gate driving circuit 250 1ncludes a
first gate driving circuit 251, a second gate driving circuit
252 and a reset voltage supply circuit 233 that are sequen-
tially arranged 1n an extending direction of the gate lines GL.
For example, as shown 1n FIG. 12, the two groups of gate
driving circuits 250 are disposed at two sides of the array
area 1n the extending direction of the gate lines GL. For
example, both the first gate dniving circuit 251 and the
second gate driving circuit 252 may be implemented as a
gate drive integration on the array substrate (GOA). For
example, the display apparatus 01 1s not limited to adopting
a double-sided driving shown 1n FIG. 12, and the display
apparatus 01 may also adopt a single-sided to driving.

For example, the first gate driving circuit 251 1s electri-
cally connected to the light-emitting control line EM (or the
control terminal of the seventh transistor T7) in the pixel
circuit 100, so as to provide the light-emitting control signal
to the pixel circuit 100. For example, the second gate driving
circuit 252 1s electrically connected to the scan control line
Gn (or the control terminal of the fifth transistor T5) 1n the
pixel circuit 100, so as to provide the scan control signal to
the pixel circuit 100. For example, the reset voltage supply
circuit 233 1s connected to the reset sub-circuit 114 (the first
terminal of the fourth transistor T4) 1n the pixel circuit 100,
so as to provide the reset signal to the pixel circuit 100.

For example, as shown 1n FIG. 12, the display apparatus
01 may further include a second power bus 280. The second
power bus 280 extends along the peripheral area of the
display apparatus 01 (around the array area and the two
groups of gate driving circuits 250), and 1s connected to the
second power supply terminal VSS of the power supply 30,
so as to provide the second power supply voltage provided
from the second power supply terminal VSS to the pixel
circuits 100 1n the pixel units 210 1n the display apparatus
01.

For example, as shown 1n FIG. 12, the display apparatus
01 may further include an electrostatic discharge structure
ESD, an N-to-1 selection circuit MUX. For example, the
N-to-1 selection circuit MUX includes N input terminals and
an output terminal, and the N mput terminals of the N-to-1
selection circuit MUX are respectively connected to N data
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lines DL 1n the display panel 10, so as to reduce the number
of the second s1gnal terminals 242 of the detection circuit 20.

It will be noted that, when the detection circuit 20 1s used
for obtaining a detection signal, the array area may be
scanned row by row. In this case, pixel circuits 100 1n pixel
units 1n different rows are connected to different scan control
lines and different sensing control lines. For example, 1n a
case the array area 1s scanned row by row, differences among
the first power supply voltages received by a plurality of
pixel units 210 are small. Thus, the accuracy of the threshold
detection may be further improved.

FIG. 13 1s a structural diagram of yet another example of
the array substrate 101, the display panel 10 and the display
apparatus 01 1n some embodiments of the present disclosure.
The display panel 10 and the display apparatus 01 shown 1n
FIG. 13 are similar to the display panel 10 and the display
apparatus 01 shown 1n FIG. 11, and thus only the differences
between the two are described here, and the similarities will
not be repeated.

For example, the array substrate 101, the display panel 10
and the display apparatus 01 shown i FIG. 13 have fol-
lowing differences from the array substrate 101, the display
panel 10 and the display apparatus 01 shown 1n FIG. 11. (1)
The array substrate 101 shown 1n FIG. 13 does not include
the second power line 222, each column of pixel units 210

1s connected to a same first power line 221, and the plurality
of first power lines 221 are all connected to the first power
bus 220. (2) The array substrate 101 shown i FIG. 13
includes a plurality of (M, M 1s equal to the number of
columns of the pixel units 210) first sensing lines SENLI1,
cach first sensing line SENL1 1s the common sensing line
231, and each column of pixel units 210 shares a same {irst
sensing line SENL1. That 1s, pixel circuits 100 included 1n
cach column of pixel units 210 are electrically connected to
the same first sensing line SENL1. (3) The detection circuit
20 includes a plurality of (e.g., M) first signal terminals 241,
and each of the plurality of common sensing lines 231 1s
connected to one of the plurality of first signal terminals 241.
For example, by making each column of pixel units 210
share the same common sensing line 231, the accuracy of the
threshold detection may be further improved.

FIG. 14 1s a structural diagram of yet another example of
the array substrate 101, the display panel 10 and the display
apparatus 01 1n some embodiments of the present disclosure.
The array substrate 101, the display panel 10 and the display
apparatus 01 shown in FIG. 14 are similar to the array
substrate 101, the display panel 10 and the display apparatus
01 shown 1n FIG. 11, and thus only the difference between
the two 1s described here, and the similarities will not be
repeated.

For example, as shown in FIG. 14, a display area of the
display panel 10 may be divided into two sub-display areas
(not marked in the drawing), the display panel 10 (or the
array substrate 101 1n the display panel 10) includes two first
power buses 220, and at least parts of the two first power
buses 220 are located 1n the two sub-display areas, respec-
tively. As shown 1n FIG. 14, first terminals (first terminals of
first transistors T1) of driving sub-circuits 111 of pixel
circuits 100 1n all pixel units 210 1n each sub-display area are
clectrically connected to a corresponding first power buses
220 (that 1s, the first terminals of the driving sub-circuits 111
of the pixel circuits 100 in all the pixel units 210 1n each
sub-display area are electrically connected to each other).
Thus, the two first power buses 220 may supply power to the
pixel units 210 1n the two sub-display areas. The two first
power buses 220 are connected to the first power supply
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terminal VDD of the power supply, so as to receive the first
power supply voltage provided from the first power supply
terminal VDD.

For example, as shown 1n FI1G. 14, the array substrate 101
includes two groups of common sensing lines 231 (first
sensing lmes SENL1), and all pixel units 210 1n each
sub-display area share a same group of common sensing
lines 231. That 1s, all the pixel units 210 in each sub-display
area share a same first sensing line SENL1, and the first
sensing line SENL1 i1s the common sensing line 231. As
shown 1n FIG. 14, the two groups of common sensing lines
231 are electrically connected to the detection circuit 20, so
as to provide first power voltages in the pixel units 210 1n the
two sub-display areas to the detection circuit 20.

For example, by dividing the display area of the display
panel 10 mto two sub-display areas, and electrically con-
necting all the pixel units 210 1n each sub-display area to the
corresponding first power buses 220, 1t 1s possible to reduce
a difference (a maximum value of the difference) between a
first power voltage recerved by the pixel unit 210 in the
display panel 10 and a sensed first power voltage, thereby
turther improving the accuracy of the threshold detection.

It will be noted that, for the display panel 10 shown in
FIG. 14, the two sub-display areas are not limited to be
arranged side by side 1n the extending direction of the data
lines DL. According to actual application needs, the two
sub-display areas may also be arranged side by side 1n the
extending direction of the gate lines GL. It will be noted that,
the display panel 10 shown 1n FIG. 14 1s not limited to be
divided 1nto two sub-display areas, and may also be divided
into sub-display areas of other suitable number.

FIG. 15 15 a structural diagram of yet another example of
the array substrate 101, the display panel 10 and the display
apparatus 01 1n some embodiments of the present disclosure.
The array substrate 101, the display panel 10 and the display
apparatus 01 shown in FIG. 15 are similar to the array
substrate 101, the display panel 10 and the display apparatus
01 shown 1n FIG. 11, and thus only the difference between
the two 1s described here, and the similarities will not be
repeated.

For example, as shown 1n FI1G. 15, the array substrate 101
does not 1include the first power bus 220, and the pixel units
210 1n the array substrate 101 (the first terminals of the
driving sub-circuits 111 in the pixel circuits 100 1n the pixel
units 210) are connected to the first power supply terminal
VDD of the power supply 30. As shown in FIG. 15, the array
substrate 101 1includes a plurality of first sensing lines
SENL1, and the first sensing lines SENL1 1n the plurality of
pixel units 210 are independent of each other. That 1s, the
pixel circuit 100 1 each of the plurality of pixel units 210
1s electrically connected to one first sensing line SENL1, the
plurality of pixel units 210 do not share the first sensing line
SENL1. The first sensing lines SENL1 1n the plurality of
pixel units 210 extend to the detection circuit 20 in a form
ol wiring.

For example, as shown in FIG. 15, the plurality of pixel
units 210 includes first pixel units 211 and second pixel units
212, and the first sensing line SENL1 of the first pixel unit
211 and the first sensing line SENLI1 of the second pixel unit
212 are independent of each other. For example, as shown 1n
FIG. 15, the first sensing line SENL1 of the first pixel unit
211 extends from a position at which the first pixel unit 211
1s located to the detection circuit 20 in the form of wiring,
or/and the first sensing line SENL1 of the second pixel unit
212 extends from a position at which the second pixel unit
212 1s located to the detection circuit 20 in the form of
wiring.
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For example, by making the first sensing lines SENL1 of
the plurality of pixel units 210 independent of each other, the
difference between the first power voltage received by the
pixel unit 210 and the first power voltage sensed by the first
sensing line SENL1 may be further reduced, and thus the
accuracy ol the threshold detection may be further
improved.

It will be noted that, other components (for example, a
control apparatus, an 1mage data encoding/decoding appa-
ratus or a clock circuit) of the display panel 10 and the
display apparatus 01 may adopt applicable parts, and these
should be understood by those of ordinary skill in the art,
which will not be repeated here, and should not be regarded
as limitations on the present disclosure.

At least one embodiment of the present disclosure further
provides the detection method of the pixel circuit. The pixel
circuit 100 includes the driving sub-circuit 111, and the
driving sub-circuit 111 includes the driving transistor (i.e.,
the first transistor). The detection method includes: detecting
the voltage of the first terminal of the drniving transistor
through the first sensing line SENLI1, and detecting the
voltage of the control terminal of the driving transistor
through the second sensing line SENL2. The first terminal of
the driving transistor 1s configured to be electrically con-
nected to the first power supply terminal, so as to receive the
first power supply voltage provided from the first power
supply terminal. The voltage of the first terminal of the
driving transistor and the voltage of the control terminal of
the driving transistor are configured to obtain the threshold
voltage of the driving transistor in the pixel circuit. For
example, the threshold voltage 1s equal to the difference
value between the voltage of the control terminal of the
driving transistor and the voltage of the first terminal of the
driving transistor.

For example, the accuracy of the threshold detection and
the display eflects of both the display panel and the display
apparatus including the pixel circuit may be improved by
detecting the voltage of the first terminal of the driving
transistor through the first sensing line and detecting the
voltage of the control terminal of the driving transistor
through the second sensing line.

For example, the specific implementation of the detection
method of the pixel circuit may be referred to the foregoing
embodiments of the pixel circuit, which will not be repeated
here.

At least one embodiment of the present disclosure further
provides the driving method of the display apparatus. The
display apparatus includes the pixel circuit. The drniving
method includes following steps S101 and S102.

In 5101, any detection method in at least one embodiment
of the present disclosure 1s performed on the pixel circuit, so
as to obtain the threshold voltage of the driving transistor
(1.e., the first transistor) in the pixel circuit.

In S102, the threshold voltage 1s used to be combined with
the data signal to be applied to the pixel circuit to drive the
pixel circuit.

For example, the threshold voltage may be used to be
combined with the data signal to be applied to the pixel
circuit to obtain the corrected data signal, and the pixel
circuit may be driven based on the corrected data signal 1n
the light-emitting phase (for example, the display phase of
the display panel including the pixel circuit). For example,
a calculation method of the corrected data signal may be
referred to the calculation method 1n the pixel circuit and the
display panel 1in at least one embodiment of the present
disclosure, which will not be repeated here. For example, the
driving method of the display apparatus in at least one
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embodiment of the present disclosure may improve the

display eflects of the display apparatus.

The foregoing descriptions are merely specific implemen-

tations of the present disclosure, but the protection scope of

the present disclosure 1s not limited thereto. Changes or
replacements that any person skilled in the art could con-
ceive of within the technical scope of the present disclosure

should be included in the protection scope of the present

-

disclosure.

T'herefore, the protection scope of the present

disclosure shall be subject to the protection scope of the

claims.

What 1s claimed 1s:
1. A pixel unit, comprising a pixel circuit, a light-emitting

clement, a first sensing line and a second sensing line,
wherein

the pixel circuit 1s electrically connected to the light-
emitting element, and the pixel circuit includes a driv-
ing sub-circuit configured to drive the light-emitting
clement electrically connected to the pixel circuit to
emit light;

the driving sub-circuit has a control terminal, a first
terminal and a second terminal:

the first terminal of the driving sub-circuit 1s configured to
be electrically connected to a first power supply termi-
nal, so as to receive a first power voltage provided by
the first power supply terminal; the first terminal of the
driving sub-circuit 1s further directly electrically con-
nected to the first sensing line;

the second terminal of the driving sub-circuit is electri-
cally connected to the light-emitting element; and

the control terminal of the driving sub-circuit 1s electri-
cally connected to the second sensing line;

the first sensing line 1s configured to sense a voltage of the
first terminal of the driving sub-circuat;

the second sensing line 1s configured to sense a voltage of
the control terminal of the driving sub-circuit;

the pixel circuit further includes a compensation connec-
tion sub-circuit, a first storage sub-circuit and a sensing,
connection sub-circuit;

the compensation connection sub-circuit 1s electrically
connected to the control terminal and the second ter-
minal of the driving sub-circuit; the compensation
connection sub-circuit 1s configured to receive a first
sensing control signal, and electrically connect the
second terminal of the driving sub-circuit and the
control terminal of the driving sub-circuit;

the first storage sub-circuit is electrically connected to the
control terminal and the first terminal of the drniving
sub-circuit; the first storage sub-circuit 1s configured to
store a signal written into the control terminal of the
driving sub-circuit; and

the sensing connection sub-circuit 1s electrically con-
nected to the control terminal of the driving sub-circuit;
the sensing connection sub-circuit 1s further electrically
connected to the second sensing line; and the sensing
connection sub-circuit 1s configured to receive a second
sensing control signal, and electrically connect the
control terminal of the driving sub-circuit to the second
sensing line.

2. The pixel umit according to claim 1, wherein the driving

sub-circuit includes a first transistor;

a control terminal of the first transistor i1s the control
terminal of the driving sub-circuit, a first terminal of the

first transistor 1s the first terminal of the driving sub-
circuit, and a second terminal of the first transistor 1s

the second terminal of the driving sub-circuit.
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3. The pixel unit according to claim 1, wherein the

compensation connection sub-circuit includes a second tran-
sistor; a control terminal of the second transistor 1s config-
ured to receive the first sensing control signal, a first

5 terminal of the second transistor 1s electrically connected to
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the control terminal of the driving sub-circuit, and a second
terminal of the second transistor 1s electrically connected to

the second terminal of the driving sub-circuit;

the first storage sub-circuit includes a first storage capaci-
tor; a first terminal of the first storage capacitor 1s
clectrically connected to the control terminal of the
driving sub-circuit, and a second terminal of the first
storage capacitor 1s electrically connected to the first
terminal of the driving sub-circuit;

the sensing connection sub-circuit includes a third tran-
sistor; a control terminal of the third transistor i1s
configured to recerve the second sensing control signal,
a first terminal of the third transistor 1s electrically
connected to the control terminal of the driving sub-
circuit, and a second terminal of the third transistor 1s
clectrically connected to the second sensing line.

4. The pixel unit according to claim 3, wherein the control

terminal of the second transistor 1s configured to be electri-
cally connected to a first sensing control line, the control
terminal of the third transistor 1s configured to be electrically
connected to a second sensing control line, and the first
sensing control line and the second sensing control line are
a same control line; or

the control terminal of the second transistor 1s configured
to be electrically connected to a first sensing control
line, the control terminal of the third transistor 1is
configured to be electrically connected to a second
sensing control line, and the first sensing control line
and the second sensing control line are different control
lines; and the second sensing line 1s also used as a data
line.

5. The pixel unit according to claim 1, wherein the pixel

circuit further includes a reset sub-circuit, and the reset

sub-circuit 1s electrically connected to the second sensing
line:

the reset sub-circuit 1s configured to receive a reset control
signal and a reset signal, so as to perform a reset
operation on the control terminal of the driving sub-
circuit.

6. The pixel unit according to claim 5, wherein the reset

sub-circuit includes a fourth transistor; a control terminal of
the fourth transistor 1s configured to receive the reset control
signal, a first terminal of the fourth transistor 1s configured
to receive the reset signal, and a second terminal of the
fourth transistor 1s electrically connected to the second
sensing line.

7. The pixel unit according to claim 1, wherein the pixel

circuit further includes a data writing sub-circuit, wherein

the data writing sub-circuit 1s electrically connected to the
control terminal of the driving sub-circuit;

the pixel unit further includes a data line, and the data
writing sub-circuit 1s further electrically connected to
the data line; or the second sensing line 1s also used as
a data line, and the data writing sub-circuit 1s further
clectrically connected to the second sensing line;

the data writing sub-circuit 1s configured to receive a scan
control signal, and write a data signal into the control
terminal of the driving sub-circuait.

8. The pixel unit according to claim 7, wherein the data

writing sub-circuit includes a fifth transistor; a control
terminal of the fifth transistor 1s configured to receive the
scan control signal, a first terminal of the fifth transistor 1s
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clectrically connected to the second sensing line or the data
line, and a second terminal of the fifth transistor 1s electri-
cally connected to the control terminal of the driving sub-
circuit.

9. The pixel unit according to claim 1, wherein the second
terminal of the driving sub-circuit 1s electrically connected
to a first terminal of the light-emitting element;

the pixel circuit further includes a voltage selection sub-
circuit;

the voltage selection sub-circuit i1s configured to selec-
tively electrically connect a second terminal of the
light-emitting element to one of the first power supply
terminal and a second power supply terminal, the
second power supply terminal 1s configured to provide
a second power supply voltage, and the second power
supply voltage 1s less than the first power supply
voltage;

the voltage selection sub-circuit includes a first power
supply voltage supply sub-circuit and a second power
supply voltage supply sub-circuit;

the first power supply voltage supply sub-circuit 1s elec-
trically connected to the first power supply terminal and
the second terminal of the light-emitting element; the
first power supply voltage supply sub-circuit 1s config-
ured to receive a third sensing control signal, and
electrically connect the second terminal of the light-
emitting element to the first power supply terminal; and

the second power supply voltage supply sub-circuit 1s
clectrically connected to the second power supply
terminal and the second terminal of the light-emitting
clement; the second power supply voltage supply sub-
circuit 1s configured to receive a light-emitting control
signal, and electrically connect the second terminal of
the light-emitting element to the second power supply
terminal.

10. The pixel umt according to claim 9, wherein the first
power supply voltage supply sub-circuit includes a sixth
transistor:

a control terminal of the sixth transistor 1s configured to
receive the third sensing control signal, a first terminal
of the sixth transistor 1s configured to be electrically
connected to the first power supply terminal, and a
second terminal of the sixth transistor 1s configured to
be electrically connected to the second terminal of the
light-emitting element;

the second power supply voltage supply sub-circuit
includes a seventh transistor; a control terminal of the
seventh transistor 1s configured to receive the light-
emitting control signal, a first terminal of the seventh
transistor 1s configured to be electrically connected to
the second power supply terminal, and a second termi-
nal of the seventh transistor 1s configured to be elec-
trically connected to the second terminal of the light-
emitting element.

11. The pixel unit according to claim 1, wherein the
second terminal of the driving sub-circuit 1s electrically
connected to a first terminal of the light-emitting element;

a second terminal of the light-emitting element 1s electri-
cally connected to a variable power supply terminal,
and the variable power supply terminal 1s configured to
provide the first power supply voltage and a second
power supply voltage;

wherein the second power supply voltage 1s less than the
first power supply voltage.

12. The pixel umit according to claim 1, wheremn the

driving sub-circuit includes a first transistor; a control ter-
minal of the first transistor is the control terminal of the
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driving sub-circuit, a first terminal of the first transistor 1s the
first terminal of the driving sub-circuit, and a second termi-
nal of the first transistor 1s the second terminal of the driving
sub-circuit;

the pixel circuit further includes a first storage capacitor,
a second transistor, a third transistor, a fourth transistor,
a fifth transistor, a sixth transistor and a seventh tran-
sistor;

the control terminal of the first transistor 1s electrically
connected to a first node, the first terminal of the first
transistor 1s configured to be electrically connected to
the first power supply terminal, and the second terminal
of the first transistor 1s electrically connected to a
second node:

a 1irst terminal of the first storage capacitor 1s electrically
connected to the first node, and a second terminal of the
first storage capacitor 1s electrically connected to the
first terminal of the first transistor;

a control terminal of the second transistor 1s configured to
receive a first sensing control signal, a first terminal of
the second transistor 1s electrically connected to the
first node, and a second terminal of the second transis-
tor 1s electrically connected to the second node;

a control terminal of the third transistor 1s configured to
receive a second sensing control signal, a first terminal
of the third transistor i1s electrically connected to the
first node, and a second terminal of the third transistor
1s electrically connected to the second sensing line; the
control terminal of the second transistor i1s configured
to be electrically connected to a first sensing control
line, the control terminal of the third transistor 1is
configured to be electrically connected to a second
sensing control line, and the first sensing control line
and the second sensing control line are a same control
line; or the control terminal of the second transistor 1s
configured to be electrically connected to a first sensing
control line, the control terminal of the third transistor
1s configured to be electrically connected to a second
sensing control line, and the first sensing control line
and the second sensing control line are ditferent control
lines; and the second sensing line 1s also used as a data
line:

a control terminal of the fourth transistor 1s configured to
receive a reset control signal, a first terminal of the
fourth transistor 1s configured to receive a reset signal,
and a second terminal of the fourth transistor 1s elec-
trically connected to the second sensing line;

a control terminal of the fifth transistor 1s configured to
receive a scan control signal, a second terminal of the
fifth transistor 1s electrically connected to the first node,
and a first terminal of the fifth transistor 1s connected to
the second sensing line, and the second sensing line 1s
also used as the data line; or the pixel unit further
includes a data line, and the first terminal of the fifth
transistor 1s electrically connected to the data line;

a control terminal of the sixth transistor 1s configured to
receive a third sensing control signal, a first terminal of
the sixth transistor 1s configured to be electrically
connected to the first power supply terminal, and a
second terminal of the sixth transistor 1s configured to
be electrically connected to a second terminal of the
light-emitting element; and

a control terminal of the seventh transistor 1s configured
to recerve a light-emitting control signal, a first termi-
nal of the seventh transistor 1s configured to be elec-
trically connected to a second power supply terminal,
and a second terminal of the seventh transistor is
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configured to be electrically connected to the second
terminal of the light-emitting element.

13. An array substrate, comprising a plurality of pixel
units arranged 1n an array, wherein the plurality of pixel
units are pixel units according to claim 1.

14. The array substrate according to claim 13, wherein at
least two of the plurality of pixel units share a same first
sensing line.

15. The array substrate according to claim 14, further
comprising at least one first power bus, wherein

the first power bus 1s configured to be electrically con-

nected to the first power supply terminal, and is elec-
trically connected to the plurality of pixel units, so as
to provide the first power supply voltage to the plurality
of pixel units; and

the first sensing line 1s electrically connected to the first

power bus.

16. The array substrate according to claim 13, wherein
first sensing lines in the plurality of pixel units are indepen-
dent of each other.

17. A display panel, comprising the array substrate
according to claim 13.

18. A display apparatus, comprising:

the display panel according to claim 17;

a detection circuit, wherein

the detection circuit includes at least one first signal

terminal and a plurality of second signal terminals, the
at least one first signal terminal 1s electrically con-
nected to the first sensing line, and each of the plurality
ol second signal terminals 1s electrically connected to
one second sensing line;
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the detection circuit 1s configured to receive voltages
detected by the first sensing line and the second sensing
line, and to obtain a threshold voltage of a drniving
transistor 1n the pixel circuit electrically connected to
the first sensing line and the second sensing line
according to the recerved voltages.

19. A detection method of a pixel circuit, the pixel circuit
being the pixel circuit 1n the pixel unit according to claim 1,
the pixel circuit including the driving sub-circuit including
a driving transistor, a first terminal of the driving transistor
being directly electrically connected to the first sensing line,
the detection method comprising;:

detecting a voltage of the first terminal of the driving

transistor through the first sensing line, and a voltage of
a control terminal of the driving transistor through the
second sensing line;

wherein the first terminal of the driving transistor 1is

configured to be electrically connected to the first
power supply terminal, so as to receive a first power
supply voltage provided by the first power supply
terminal, and the voltage of the first terminal of the
driving transistor and the voltage of the control termi-
nal of the driving transistor are configured to obtain a
threshold voltage of the driving transistor 1n the pixel
circuit;

the threshold voltage 1s equal to a difference value

between the voltage of the control terminal of the
driving transistor and the voltage of the first terminal of
the driving transistor.
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